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ABSTRACT
Background SOX9 is a widely expressed transcription
factor playing several relevant functions during
development and essential for testes differentiation. It is
considered to be the direct target gene of the protein
encoded by SRY and its overexpression in an XX murine
gonad can lead to male development in the absence of
Sry. Recently, a family was reported with a 178 kb
duplication in the gene desert region ending about 500
kb upstream of SOX9 in which 46,XY duplicated persons
were completely normal and fertile whereas the 46,XX
ones were males who came to clinical attention because
of infertility.
Methods and results We report a family with two
azoospermic brothers, both 46,XX, SRY negative, having
a 96 kb triplication 500 kb upstream of SOX9. Both
subjects have been analyzed trough oligonucleotide
array-CGH and the triplication was conﬁrmed and
characterised through qPCR, deﬁning the minimal region
of ampliﬁcation upstream of SOX9 associated with 46,XX
infertile males, SRY negative.
Conclusions Our results conﬁrm that even in absence of
SRY, complete male differentiation may occur, possibly
driven by overexpression of SOX9 in the gonadal ridge,
as a consequence of the ampliﬁcation of a gene desert
region. We hypothesize that this region contains gonadal
speciﬁc long-range regulation elements whose alteration
may impair the normal sex development. Our data show
that normal XX males, with alteration in copy number or,
possibly, in the critical sequence upstream to SOX9 are
a new category of infertility inherited in a dominant way
with expression limited to the XX background.
We report on a family with two azoospermic
brothers of 47 and 46 years of age, both 46,XX, SRY
negative, who have a 96 kb triplication 500 kb
upstream of SOX9 (ﬁgure 1B,C) that is not present
in their two fertile sisters and mother. Interestingly,
two of the three paternal cousins of our probands
are reported as infertile (ﬁgure 1A). The probands’
father, who was considered to have been
completely normal and the probable carrier of the
triplication, died at age of 50 years from a myocar-
dial infarction. The two probands share the same
paternal haplotype for the SOX9 region (supple-
mentary table 1), conﬁrming the possibility that
the father was indeed the carrier of the same trip-
lication. The two brothers are phenotypically
normal males with bilaterally hypotrophic testes,
low serum testosterone concentrations (1.0 ng/ml;
normal values 1.80e16 ng/ml) and increased
follicle stimulating hormone (39.5 mU/ml; normal
values 5e25 mU/ml) and luteinising hormone
(14.4 mU/ml; normal values 1.5e9.3 mU/ml).
A testicular biopsy in one of them showed germinal
cell aplasia and mild bilateral gynaecomastia. Both
have normal libido and the older brother requested
a clinical investigation after 10 years of infertility in
spite of continual attempts to have children.
A similar family was recently reported by Cox
et al.
1 They describe three SRY negative azoo-
spermic XX males, two brothers and a paternal
uncle, all having a duplication of 178 kb with
a distal breakpoint almost coincident to the one we
detected in our family. The XY members carrying
the duplication were normal fertile males.
SOX9 is a widely expressed transcription factor
that has several relevant functions during devel-
opment and is essential for testes differentiation;
it is considered to be the direct target gene of the
protein encoded by SRY and its overexpression in
an XX murine gonad can lead to male develop-
ment in the absence of Sry.
2 Copy number
alterations and translocations within the 1.9 Mb
gene desert region upstream of SOX9 are
responsible for a number of developmental disor-
ders affecting the skeleton and the genitalia.
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No pathogenic variants were detected by
sequencing both SOX9 and SOX3 genes in our
family. Sox3 was recently shown to upregulate
expression of Sox9 via a similar mechanism to Sry
and to be responsible for XX male sex reversal in
humans through gain-of-function mutations
mediated by genomic rearrangements around
SOX3, possibly leading to its altered regulation.
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Our identiﬁed triplicated genomic region is about
half the size of the duplication reported by Cox
et al.
1 We hypothesise that cis-acting regulatory
elements are located within the smaller XX-sex
reversal critical region we deﬁned, whose dupli-
cation increases SOX9 expression driving testic-
ular differentiation in the absence of SRY.
2 We did
not detect any signiﬁcant difference in SOX9
expression in lymphoblasts from our family,
suggesting that more appropriate primary cells,
which were not possible to obtain from our
patients, are needed for such expression studies
(supplementary table 2).
The main conundrum are the three families
reported by Kurth et al
4 in which larger duplica-
tions, including the sex reversal critical region, are
associated with brachydactylyeanonychia and not
with XX sex reversal (families 1, 2 and 3 in ﬁgure
1D); probably the answer will lie in the careful
identiﬁcation of enhancer/silencing elements.
< Additional tables are
published online only. To view
these ﬁles please visit the
journal online (http://jmg.bmj.
com).
1Medical Genetics, University of
Pavia, Pavia, Italy
2Molecular Biology, IRCCS
E. Medea, Bosisio Parini, Lecco,
Italy
3Clinical Genetics, Diagnostica e
Ricerca San Raffaele, Milano,
Italy
4Department of Biochemistry,
University of Pavia, Pavia, Italy
5IRCCS C. Mondino National
Neurological Institute
Foundation, Pavia, Italy
Correspondence to
Dr Orsetta Zuffardi, Medical
Genetics, University of Pavia, via
Forlanini 14, 27100 Pavia, Italy;
zuffardi@unipv.it
Received 1 March 2011
Revised 27 April 2011
Accepted 13 May 2011
Published Online First
7 June 2011
This paper is freely available
online under the BMJ Journals
unlocked scheme, see http://
jmg.bmj.com/site/about/
unlocked.xhtml
710 J Med Genet 2011;48:710e712. doi:10.1136/jmedgenet-2011-100036
ReproductionOur ﬁndings deﬁne the shortest region of ampliﬁcation
upstream of SOX9 associated with infertile males having an 46,
XX karyotype and being SRY negative. Here again, similar to
what detected by Cox et al,
1 the triplication does not seem to
have any effect on the XY background. Since in most infertile
XX males the presence of SRY is not routinely investigated, the
situation we describe might be more frequent than expected.
However, considering that mutations in SOX9 and related
transcription factors (ie, NR5A1) were reported to be respon-
sible for a large spectrum of disorders of sexual development,
we cannot exclude the possibility that alterations of the
region we narrowed down might result in XX individuals
carrying abnormalities or ambiguity of the external genitalia as
well. Finally, our ﬁndings demonstrate once more that gene
desert regions are the treasure we have to discover to solve
several unexplained pathogenic conditions; concerning devel-
opmental sex abnormalities, a similar situation was reported
by Smyk et al in an XY female with a 250 kb deletion
upstream of NR0B1 having the same phenotypic effect of
NR0B1 duplication.
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Figure 1 Family tree of the two XX brothers and characterisation of the 96 kb triplication region. (A) Pedigree of the family. Asterisks indicate
persons for whom the karyotype was known, the arrow indicates the proband, and light blue circles indicate the copy number of the 96 kb sex reversal
critical region. (B) Array comparative genomic hybridisation (CGH) proﬁle (180K, Agilent Technologies, Santa Clara, California, USA) of the whole
chromosome 17 of the proband (left), the 17q24.3 region of the proband (right), and one of his healthy sisters (middle). The triplication is indicated by
a shadowed area containing three spots with an average log2 ratio of 1.2. (C) Quantitative PCR (qPCR) with speciﬁc primer pairs (supplementary table
3). Affected subjects (P1 and P2), one sister (S) and the mother (M), female (CTRL F) and male (CTRL M) controls were analysed. The relative
quantitation (RQ) of copy number is indicated on the y axis. RQ of 1 indicates a normal number of copies; RQ of 2 in P1 and P2 shows the presence of
a triplication. Altogether array CGH and qPCR analysis deﬁned the proximal breakpoint of the triplication from 67018227 bp (normal) to 67018939 bp
(triplicated) and the distal breakpoint from 67114737 bp (triplicated) to 67119234 bp (normal). Genomic positions are referred to the Human Genome
March 2006 (NCBI 36, hg18 assembly). (D) SOX9 and its 1.98 Mb upstream region and a schematic illustration of duplications reported by Kurth et al,
4
2009 (blue bars), Cox et al,
1 2011 (green bar), and the triplication observed in the present family (orange bar). Minimal critical region for
brachydactylyeanonychia (Kurth et al,
4 2009) is also shown (blue dashed bar).
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